The purpose of this study was to determine the relationships between monitors of spermatogenesis and predictors of the intracytoplasmic sperm injection (ICSI) outcome in patients with non-obstructive azoospermia (NOA) undergoing testicular sperm extraction (TESE). Seventy-nine patients with NOA (mean age: 43.665.2 years), each of whom yielded (97 00063040) spermatozoa with conventional TESE, were considered in our analysis. Their partners (mean age: 35.865.1 years) underwent a total of 184 ICSI cycles; 632 oocytes were collected, 221 oocytes were injected, 141 oocytes were fertilized, 121 embryos were obtained, 110 embryos were transferred, 14 clinical pregnancies were achieved and only one miscarriage occurred. Multivariate regression analysis indicated relationships between the percentage of fertilized oocytes, transferred embryos and clinical pregnancies with the following variable values: female partner's age, number of spermatozoa collected, testicular volume, male partner's levels of follicle stimulating hormone (FSH), number of oocytes collected, number of oocytes injected and number of ICSI cycles. A significant inverse relationship was found between female partner's age or male partner's FSH levels and biochemical pregnancies. A significant direct relationship emerged between the number of ICSI cycles and the percentage of oocytes fertilized, embryos transferred and biochemical pregnancies, and between the number of spermatozoa collected per testicular biopsy and biochemical pregnancies. The number of spermatozoa was positively linked to the number of clinical pregnancies, independent of the number of ICSI cycles and the number of oocytes collected/injected. The number of spermatozoa collected, FSH level and testicular volume are monitors of spermatogenesis linked to ICSI success.
INTRODUCTION
Azoospermia is the absence of spermatozoa in the ejaculate after two assessments of centrifuged semen; 1 its prevalence is about 1% in the general population and about 10-15% in infertile couples. 1 Azoospermia is classified as either obstructive (OA) or non-obstructive (NOA). NOA represents the clinical evidence of strongly affected spermatogenesis, whereas OA is the result of a seminal tract obstruction. Only hypogonadotrophic hypogonadism and some types of varicocele-associated NOA might yield spermatozoa in the ejaculate after treatment; however, the majority of patients are candidates for surgical sperm collection from the testicles and subsequent intracytoplasmic sperm injection (ICSI).
1,2
The ICSI success rate with NOA spermatozoa differs from that with OA spermatozoa. The difference has been attributed to the better quality of spermatogenesis in OA than in NOA; the overall live delivery rate for couples undergoing ICSI with spermatozoa from OA is 45%, whereas it is 30% using NOA spermatozoa. 3 It may be argued that, even in the case of NOA, different degrees of erratic spermatogenesis might be linked to different ICSI offspring. A few papers have been published regarding this topic. Various authors have found the following monitors of spermatogenesis to be associated with ICSI success: sperm motility, 4 testicular histology, 5 follicle stimulating hormone (FSH) level 6 and previous testicular pathology. 6 Because each paper examined only one relationship, the following items are still unclear: (i) whether this relationship is a mathematical or a biological occurrence; (ii) whether more than one indicator of spermatogenesis is linked to ICSI offspring in a homogeneous NOA population; and (iii) the relative weight of each monitor for ICSI offspring. Zorn et al. 7 indicated that FSH level, the Johnsen score, sperm status and sperm motility should be considered as male-partner factors influencing the results of a first-attempt ICSI, but their paper is complicated by the inclusion of both OA and NOA. The Johnsen score is intended to be a histological method for quantifying spermatogenesis. 8, 9 More recently, ESX1 (an Xlinked homeobox gene expressed in the testis) has emerged as a potentially reliable spermatogenesis molecular marker whose clinical value as a predictor of successful sperm retrieval warrants further study. This retrospective study is aimed at detecting relationships between the percentage of oocytes fertilized, embryos transferred and clinical pregnancies and the following male-and female-partner variables. The male-partner variables were age, number of spermatozoa collected, testicular volume and FSH blood level. The female-partner variables were age, numbers of oocytes collected and injected and number of ICSI cycles. The number of ICSI cycles was considered a variable to be studied with the additional aim of avoiding potential biases that could be found in the analysis with multiple ICSI attempts.
MATERIALS AND METHODS
Data were retrospectively collected using Società Italiana di Studi di Medicina della Riproduzione files. All couples whose infertility was due to azoospermia were considered candidates for the study. A diagnosis of azoospermia was ascertained with at least two consecutive centrifuged sperm analyses, each performed after 3 days of sexual abstinence. 11 The Italian law on assisted reproduction 12 15 
Assessment of male partners
The men were studied by two andrologists (GC and GV), and the patients were admitted to the study if all the following assessments were carried out: case history, sexological counselling session(s), physical examination, bilateral scrotal echo-colour Doppler scanning with testicular volume calculation (cm 3 ) using the three-diameter technique (length3width3height)30.71, 16 and assessment of serum levels of FSH, luteinizing hormone, prolactin and total testosterone. Chromosomal analysis, Y microdeletion assessment and potential cystic fibrosis mutation assessment were performed. 17 Y chromosomal microdeletions were studied on the azoospermic factor (AZF) (Yq11) region using sequence-tagged site primers. The sequence-tagged site primers used were sY81, sY82, sY84 (AZFa); sY127, sY142, sY164, RBM1 (AZFb); sY254, sY255, sY257, CDY, BPY2 (AZFc); and sY145, sY152, sY153 (AZFd). 18 No patients withdrew from the study.
Surgical technique of testicular sperm extraction (TESE)
The (non-)obstructive aetiology of azoospermia was verified using conventional TESE, and 149 patients with NOA were identified. TESEs were performed using an open technique under optical magnification. Each testis sample was dispersed and examined in the operating room. Sequential biopsy attempts were made until sperm were visualized or until further biopsies were thought to jeopardize the testicular blood flow. If necessary, the TESEs were performed bilaterally and a maximum of three incisions were performed in each testicle: one vertical incision at the upper pole, one equatorial horizontal incision and one vertical incision at the lower pole. One sample was obtained from each incision. Surgical sections were closed with resorbable sutures. 19 The samples were placed into about 1-2 ml of sterile medium (Ham' s F10 with 10% (v/v) adult bovine serum) and were mechanically processed in a sterile environment, i.e., dispersed, minced and centrifuged at 300 g for at least 10 min. The specimens were assessed under an inverted microscope at 3300 for the presence of spermatozoa. 20 
Spermatozoa cryopreservation
Surgically retrieved spermatozoa were cryopreserved in multiple small aliquots, each sufficient for a single in vitro fertilisation attempt. This technique utilizes embryo cryopreservation straws (0.2-mm diameter) aseptically cut into 2.5-cm sections. One end was sealed with a plastic plug. A 15-to 20-ml aliquot of the sperm/test yolk buffer-glycerol cryoprotectant (Irvine Scientific, Irvine, CA, USA) mixture was carefully loaded into the ministraw using a drawn-out micropipette, and the straw was sealed with another plastic plug. Five or six ministraws were placed in conventional 1.8-ml cryovials. The cryovial containing the ministraws was held in the vapour phase for 30 min before being plunged into liquid nitrogen. For ICSI, one ministraw can be thawed at a time. 21 The spermatozoa were cryoconserved until their use.
Assessment of sperm concentration, motility and percentage of typical forms Spermatozoa were sought and counted in supernatants using an improved double-rule Neubauer haemocytometer. Duplicate assessments of each sample were made; the difference between the two dilutions was lower than 5%. The supernatants were not diluted before counting because an extremely low number of spermatozoa was expected. 11 Sperm morphology and motility could not be considered in this study because 36 patients displayed an insufficient number of spermatozoa to assess these variables precisely.
Spermatozoa were found in 79 patients (53.0%). The adverse effects of the surgery were as follows: two haematomas (resolved with surgical drainage on day 1 after surgery) and one instance of epididymitis (diagnosed on day 8 after surgery and resolved with 14 days of therapy with ciprofloxacin 1 g per day). These patients made up the study population; their clinical and demographical characteristics are presented in Table 1 . Non-obstructive azoospermia and ICSI outcome G Cavallini et al 313
ICSI
Controlled ovarian stimulation was performed in the previously described female partners. 15 The induction of the growth of multiple follicles was achieved by administering gonadotrophins after a long desensitisation protocol with long-acting gonadotropin-releasing hormone analogues. At 34-36 h after human chorionic gonadotrophin administration (Pregnyl; Merck-Schering-Plough, Whitehouse Station, NJ, USA) (10 000 IU), the oocytes were collected transvaginally via ultrasound guidance. 15, 22 ICSI was performed in every case. A maximum of three metaphase II oocytes were injected per patient, and all embryos generated in each ICSI cycle were transferred according to the Italian legislation on assisted reproduction, which prohibits the formation of more than three embryos 8 and prescribes the transfer of all generated embryos. Each patient received luteal phase support with progesterone in oil (Progesterone Cream; Biovea, London, UK; 50 mg per day); luteal phase support was begun 4 days after human chorionic gonadotrophin support. 15, 22 Oocytes were considered fertilized when two distinct pronuclei were present 16-18 h after sperm injection; clinical pregnancy was established by confirmation of an intrauterine sac at ultrasound or the excision of an ectopic pregnancy. The embryos were transferred 3 days after injection, i.e., at the eight-cell stage. 15 
Statistical analysis
To investigate relationships among the variables assessed, multivariate regression analysis was carried out; significance of the relationship was expressed with the regression coefficient of the dependent variables: i.e., determinig factor (t). 23 Independence of the number of spermatozoa collected and the number of ICSI cycles was assessed by calculating the marginal contribution of these variables, i.e., with analysis of variance of the partial X regressions (also called the partial test for X variables and variability share). 23 Calculations were performed using the MATLAB program (http://www.mathworks.it). Results were considered significant at P,0.05. The data were corrected for repeated cycles of the same donor. Multivariate analysis and marginal contribution analysis are, by definition, corrected for interdependence. 23 Three embryologists (MCM, SR and AC), two surgeons (GC and GV) and two ICSI operators (LG and APF) were involved in the study. Individual differences in numbers of oocytes collected, oocytes injected, oocytes fertilized, embryos transferred, embryos obtained, clinical pregnancies, number of spermatozoa collected and percentage of patients who yielded spermatozoa were analysed between the different operators with the chi-square test. No significant differences emerged between the operators. 24 Oocytes were classified according to the morphological criteria of the cytoplasm, 25 and only fresh oocytes with normal cytoplasm were used; the other oocytes were discarded.
RESULTS

TESE and ICSI results
Results of multivariate analysis
The results of the multivariate analysis are presented in Tables 2-4.  Table 2 shows the relationships between the percentage of oocytes fertilized and age of female and male partners, number of spermatozoa collected, testicular volume, FSH blood level, number of ICSI cycles, and numbers of oocytes collected and injected. An inverse relationship (P,0.01) was found between female age and the percentage of fertilized oocytes. A direct relationship (P,0.01) was found between the percentage of fertilized oocytes and the number of ICSI cycles, oocytes collected and oocytes injected. The relationships between the number of embryos transferred and the variable values studied are presented in Table 3 . Multivariate analysis detected in this table identical relationships to those in Table 2 ; however, no relationship was found between the percentage of oocytes fertilized and male age, number of spermatozoa, testicular volume or FSH level.
The relationships between clinical pregnancies and the variables studied are presented in Table 4 . An inverse relationship (P,0.01) was found between clinical pregnancies and female age and FSH level. A direct (P,0.01) relationship emerged between clinical pregnancies and number of spermatozoa collected, testicular volume, number of ICSI cycles, and numbers of oocytes collected and injected. No relationship was found between clinical pregnancies and male age.
Results of calculating the marginal contribution of the studied variables
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1. The analysis of variance result of the partial X regressions, which analyses relationships between the number of spermatozoa collected and the number of ICSI cycles with respect to clinical pregnancies, was 2.513 (P50.240), i.e., the number of spermatozoa collected was related to clinical pregnancy rates independently of the number of ICSI cycles. 2. The result of the partial test for X variables, which analyses relationships between the number of spermatozoa collected and the number of oocytes collected regarding clinical pregnancies, was 1.654 (P50.436), i.e., the number of spermatozoa collected was related to clinical pregnancy rates independently of the number of oocytes collected. 3. The variability share between the numbers of spermatozoa collected and oocytes injected with respect to clinical pregnancies was 1.772 (P50.398), i.e. the number of spermatozoa collected was related to clinical pregnancies independently of the number of oocytes injected.
DISCUSSION
These data indicate that the monitors and, consequently, the quality of spermatogenesis of NOA, are linked to ICSI pregnancy rates; even mild impairment can reduce the likelihood of pregnancy The number of spermatozoa collected, FSH level and testicular volume are, in decreasing order of strength, the factors reflecting spermatogenic activity that are linked to ICSI success. Some authors do not believe that monitors of quality of spermatogenesis are linked to the chances of fatherhood after ICSI, 26 ,27 but we disagree because data on ICSI results from NOA and OA were included in the same analysis 26 and the number of ICSI cycles analysed was low. 27 The low number of clinical pregnancies here was inconsistent with the requirements of variance analysis 23 and did not permit us to analyse the histological results. This study used two internal controls to assess the reliability of the methods used: female and male age. Female-partner age is the most widely accepted parameter affecting assisted reproduction outcomes; multivariate regression analysis shows its significance, whereas paternal age did not affect the ICSI results in our study and in previous studies. [4] [5] [6] [7] Therefore, the analysis should be regarded as reliable. Multiple regression is more reliable than simple regression analysis for detecting relationships, particularly in cases such as these in which the variables studied (number of spermatozoa collected, FSH level and testicular volume) are all different expressions of affected spermatogenesis. 23 Fewer clinical pregnancies (14 pregnancies from 184 cycles) and harvested oocytes (mean: 3.4 oocytes per patient) were obtained here than have been reported in the literature 3 . In 2004, a law regulating assisted reproduction techniques was passed in Italy. The new rules allow for the formation and transfer of a maximum of three embryos at one time, whereas embryo selection and embryo storage are prohibited. Limiting the number of treated oocytes to three per ICSI cycle significantly reduces the number of harvested oocytes and limits the chances of transferring good-quality embryos and thus achieving pregnancy in cases of severe male-factor infertility. NOA patients are particularly affected by this legal restriction. 28 Our data show that the quality of spermatogenesis is associated with pregnancy but not with rates of embryo transfer or fertilisation. No specific study has been carried out on this topic. However, spermatozoa collected from NOA are severely aneuploid. 29 Fertilisation and two-to four-cell stage embryos might tolerate some DNA damage in the fertilizing spermatozoon by the upregulation of the DNA repair mechanism and cell cycle delay. 30 Male and female genomes are tran- The main limitation of this study is the small number of clinical pregnancies, a consequence of the Italian legal restriction. Therefore, despite the statistical significance, our conclusions should be taken with caution. In fact, a re-analysis of the data, which included only the first cycle of each couple (79 cycles, six clinical pregnancies), did not reveal any significant relationships. Furthermore, the limited number of pregnancies did not allow the calculation of reliable thresholds for testicular volume, FSH level and number of spermatozoa retrieved to enable us to predict ICSI pregnancy; however, our results indicate that caution should be exercised before offering TESE and ICSI to a couple in which a partner is .40 years old and the male partner has NOA with small (,11 cm 3 each) testicles and a high (.13.6 UI L 21 ) serum FSH. This paper has two strengths. The first is that it suggests a new method for monitoring spermatogenesis in cases of NOA. 32, 33 The second is that it addresses the fundamental issue for the correct management of patients affected by NOA: careful evaluation of the quality of spermatogenesis for achieving an ICSI pregnancy. Microsurgical TESE is regarded as more efficient than conventional TESE for increasing sperm yield in NOA.
1, 34, 35 However, no study has been carried out to establish whether more successful sperm retrieval corresponds to an improved ICSI outcome. This is critical because fine-needle aspiration is regarded as less effective than conventional TESE for sperm retrieval in NOA. However, it has been suggested that spermatozoa retrieved thorough fine-needle aspiration result in higher implantation and pregnancy rates than those from TESE, owing to a lesser degree of spermatogenetic impairment in these patients. 36 AUTHOR CONTRIBUTIONS GC and GV wrote the paper, MCM, SR and AC collected and analysed the data, and LG and APF reviewed the manuscript, checked the data and indicated end points of the research.
